Variability of the optical properties of the northern Gulf of California (Méxi-co) were analyzed for the first time based on six cruises performed from spring to summer (March to September) between 2008 and 2013. The changes observed in the absorption by three seawater components (phytoplankton, detritus and chromophoric dissolved organic matter or CDOM) were analyzed in relation to changes in bio-optical regions and composition of the phytoplankton community (determined based on phytoplankton pigments). Two regions with unique bio-optical characteristics were identified separated by a narrow transition zone: the Upper Gulf of California (UGC) and Northern Gulf of California (NGC). Despite the temporal changes in their spatial distribution they maintained particular characteristic. UGC is characterized by an average Chla of 1.78 mg/m 3 , the dominance of microphytoplankton (diatoms and dinoflagellates) and a stronger contribution of detritus to total light absorption. NGC is characterized by an average Chla of 0.7 mg/m 3 and the predominance of picophytoplankton, characterized by the dominance of zeaxanthin (marker pigment for cyanobacteria) and/or chlorophyll b (marker pigment for green algae), along with a co-dominium by CDOM and phytoplankton to light absorption. Results indicate that Case II waters can be very How to cite this paper: Betancur-Turizo, S.P., González-Silvera, A.G., Santamaría-Del-Ángel, E., Millán-Núñez, R., Millán-Núñez, E., García-Nava, H., Godínez, V.M. and Sánchez-Velasco, L. (2018) 
Introduction
The study of the optical properties of the ocean has raised increasing interest in the last decades, leading to the development of technological tools to estimate these properties through remote sensing [1] [2] [3] . However, these tools have been validated for Case-I waters [4] , which do not represent the conditions of coastal areas characterized by being optically complex (Case II) and that concentrate the main economic and productive activities in many countries. Thus, when investigating the optical complexity of these areas, the following questions should be addressed: What do we know about the optical properties of the major components of sea water, and how can we quantify them? [5] . It is currently known that coastal areas receive contributions of particulate and dissolved material from various sources, the optical properties of which can be determined through remote sensing. However, the quality and reliability of the data obtained require an accurate characterization of these properties [6] . Bio-optical models [7] [8] [9] [10] have been proposed for estimating these optical properties; however, these models are not always highly accurate, particularly in coastal areas, since the optical properties of these water bodies do not depend exclusively on phytoplankton [11] , except when there are high-intensity events such as phytoplankton blooms.
Bio-optical models group the components of the open ocean into two main categories: phytoplankton and detritus, the latter including the combined signal of Chromophoric Dissolved Organic Matter (CDOM, see Table 1 for symbols and abbreviations used in this paper) and non-algal (organic and inorganic) particles [6] . These components influence the absorption and light-scattering properties of water and vary according to biochemical (algal blooms, wastewater discharges) and hydrodynamic (tidal currents, coastal fronts, turbulence) processes that are characteristic of the ecosystem. Each component has particular characteristics; for example, CDOM absorbs UV and visible light, and is considered as the primary driver of the optical properties in coastal areas and freshwater [11] [12] [13] , a reason for which it has been widely studied in the last decade [12] [13]. Its magnitude and spectral form depend on its origin, which can be derived from the decomposition of woody plants in terrestrial environments (allochthonous) or from the decomposition of algae and aquatic vegetation within a Open Journal of Marine Science water body (autochthonous) [14] . On the other hand, detritus, or non-algal particulate matter (bacteria, inorganic minerals and bubbles) [15] , is characterized by a greater absorption of blue light, which decreases exponentially toward the red portion of the spectrum. Finally, absorption by phytoplankton is more or less directly related to chlorophyll a concentration [15] , with spectral variations similar to those of any absorption spectrum of an individual pigment, but in general exhibits absorption peaks in the blue and red spectral regions due to the ubiquitous presence of chlorophyll a [16] . The Northern Gulf of California is a water body with a high optical complexity that has been classified as Case II [17] [18] . Its particular optical characteristics are partly due to the high light scattering due to suspended material [17] , the level of which may be very high, mainly in shallow areas, as a result of strong tidal currents [19] . The region is also affected by a seasonally reversible circulation, with a gyre in the center of the basin and a coastal current running on the continental shelf [20] . This process, in addition to tidal mixing, leads to high primary productivity and biological diversity in this region, which in turn favors a high abundance of commercially and ecologically important fish species [21] [22] .
Few studies have reported the variability of the optical properties in this area, except for the works of Millán-Núñez et al. [23] , Pegau et al. [17] and BastidasSalamanca et al. [18] . The first described the spatial and vertical variations of the light absorption coefficient that characterized phytoplankton and phytoplankton pigments recorded in a single cruise that included five stations distributed across the Gulf of California, only one being located to the northern region. In the second, the cruises focused on the central region of the Gulf, with a few stations located to the northeast. In the third, the results were derived from the analysis Open Journal of Marine Science of a single cruise, which while contributing to the knowledge of these properties, did not investigate aspects such as the seasonal and inter-annual variability in the region and the variability in the absorption coefficients of particulate material (phytoplankton and detritus) compared with CDOM. This latter variable has not been evaluated previously in this region; however, it is very important to be considered to contribute to the global bio-optical models [24] and due to its role in cycling carbon, trace elements, and trace gases of importance to biological activity and global climate [12] [13] [25] .
In this context, the primary objective of this study was to document for the first time the spatial and temporal variability of the absorption coefficients of phytoplankton, detritus and CDOM to the north of the Gulf of California using a database that includes six oceanographic cruises from spring to summer (March to September) between 2008 and 2013. In addition, the absorption budget associated to the study area was analyzed to give elements to both evaluate bio-optical models in optically complex waters and propose new approaches specific for this region.
Methods

Study Area
The study area comprises the northern part of the Gulf of California, México 
Data and Methods
Field Sampling
Physical and biological data were recorded during six oceanographic cruises in the study area performed during neap tides. Figure 2 indicates the sampling dates and the number of stations included in each cruise.
Water transparency was measured using a Secchi disk. It is known that this measurement can be affected by human eye but during cruises we minimized this error making measurements by the same person and at the same time interval (between 10 am to 3 pm). In addition, we only used data taken during mostly sunny days, when we could assume that there is more direct light than diffuse light penetrating into the water column (see Santamaria-del-Angel et al. [32] for a detailed description of these assumptions). In doing that we assumed that errors were consistent (or constant) and they did not affect the comparison among stations and cruises. From Secchi disk it was calculated the light attenuation coefficient (K d ) and the first optical depth (1OD) as 1OD = 1/K d [33] . Open Journal of Marine Science
Surface water samples (~0.50 m depth) were collected using 5 L Niskin bottles for the determination of photosynthetic pigments and light absorption coefficients of particulate material and CDOM. A sample was taken directly from the Niskin bottle using previously washed amber glass flasks for the determination of the CDOM absorption coefficient [34] . From the remaining water, 1 to 2 liters were filtered through a positive filtration system using 25 mm Whatman GF/F filters for the analysis of pigments in phytoplankton [35] [36], and of the light absorption coefficient for particulate material [34] .
Determination of Absorption Coefficients
The light absorption coefficient for particulate material (a p (λ)) was determined through the methodology of Mitchell et al. [34] . and June 2013, a Cary 100 UV-Vis spectrophotometer with integrating sphere was used. For all cruises, the absorption coefficients for particulate material a p (λ) and detritus a d (λ) were determined as [34] : 
where l is the cell path length (10 cm), s OD is the optical density of the sample, b OD is the optical density of the blank, and null OD is the optical density at the null point (600 nm). Physical and biological data were recorded during six oceanographic cruises in the study area performed during neap tides. Figure 2 indicates the sampling dates and the number of stations included in each cruise.
Determination of Photosynthetic Pigments
Two methodologies were used for the pigment concentration analysis. For June 2008, June 2010 and March 2011, the methodology of Barlow et al. [35] was Open Journal of Marine Science used; for August 2012 and June 2013, the methodology of Thomas [36] . There are no data on pigments for September 2012. The standard pigments used in the HPLC were purchased from Sigma-Aldrich and DHI (Denmark). The concentration of the standards was measured spectrophotometrically using published extinction coefficients [37] . Standard pigments were used for the identification of absorption peaks in the chromatogram.
Bio-Optical Regions and Statistical Analysis
Lavin and Marinone [26] classified the study area according to physical processes in UGC and NGC and proposed an imaginary line between Punta Borrascoso and Punta Estrella (Figure 1 ) as the limit between them. BastidasSalamanca et al. [18] proposed the 1OD to classify these regions considering this variable as an indicator of water transparency that allow the evaluation of the dynamism of the frontier between a shallow UGC and a deeper NGC. In our study we classified the sampling stations using this criterion which considers that stations with 1OD < 3 m belong to UGC, stations with 1OD > 5 m correspond to NGC, and stations with 1OD between 3 m and 5 m belong to a transition zone. In order to establish if the differences between UGC and NGC were statistically significant, a priori non-parametric Kruskal-Wallis test [38] was used to assess the differences in the absorption coefficients a ph (λ), a d (λ) and a CDOM (λ). This test was applied based on the first empirical standardized orthogonal function (ZEOF1) combining the absorption coefficients by wavelength (412, 440, 488, 555 and 675 nm). When the null hypothesis was rejected, a posteriori multiple contrast Wilcoxon test for two independent samples was used to establish whether significant differences exist. In most contrasts the number of data was higher than ten, and the approach of H calculated values proposed by Kruskal-Wallis was used. These statistical tests were applied by cruise and also for the entire dataset. For cruises in 2008 and 2010 we only considered a ph (λ) and a d (λ) for these analyses. Open Journal of Marine Science
Results
Bio-Optical Regions
The differences between bio-optical regions were statistically significant (α = Table 2 .
Variability of Water Optical Constituents
UGC showed the largest ranges of variation for a ph (440) and a d (440) ( Table 2) . (Table 2) . Finally, variables from the transition zone presented a range of variability that is between that of the UGC and the NGC (Table 2) , although a CDOM (440) was especially highly scattered across stations in March 2011, when the highest values of all cruises analyzed were observed (Table 2) . 
Phytoplankton Pigments
Chla showed important spatial and temporal variations, with a trend to higher concentrations in UGC vs. NGC. Chla ranged between 1.34 ± 1.35 and 2.26 ± (Table 2 ). Some phytoplankton pigments can be used as markers for certain algal groups [37] . This work used pigments for assessing the composition of the phytoplankton community according to Table 3 In March 2011 ( Figure 5(c) ), fucoxanthin and peridinin in general contributed more than 70% to total pigments in all regions. It should be noted that alloxanthin, a marker pigment for cryptophytes (Table 3) , was recorded in all stations in spite of a contribution lower than 5% in some of them. This pigment was not 
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Absorption Budget
The Figure 6(b)(e) ) has similar characteristics to those of NGC with a co-dominium by a ph (440) and a CDOM (440) (40% and 41% in average) (Figure 6(b) ) while a ph (440) had a contribution of more than 60% when a CDOM (440) is not taken into consideration (Figure 6(e) ).
Discussion
The spatial and temporal variability of light absorption properties has been used as a successful tool for coastal water research and management [40] and classification schemes has been recommended to integrate optics into ecological studies [41] . However, the measurement of these variables through remote sensing can be challenging in coastal waters, especially those associated to strong spatial gradients. Our results indicate that at the northern Gulf of California this variability is high although a spatial pattern is observed that allowed the definition of two bio-optical regions. Nevertheless, their spatial distribution changes in time what was emphasized through the analysis of the transition zone, which position is probably related to a tidal-mixing front, responsible for the resuspension of sediments and the separation between the well-mixed waters in UGC and the deep and stratified waters in NGC [19] . Although the average location of the transition zone is consistent with previous works [18] [26] there are obvious differences between cruises, associated with differences in the physical conditions during each one. For example, March 2011 showed a pattern that was markedly different from the one in all others cruises, with UGC located off Baja California peninsula while the transition zone was located to the south. This pattern matches the seasonal transition period described by Montes et al. [42] , characterized by the simultaneous presence of cyclonic and anti-cyclonic eddies. Despite the temporal changes in the spatial distribution of each bio-optical region they maintained particular characteristic that will be useful on future approaches for the remote sensing of the light absorption properties.
In general, UGC showed the highest Chla levels and the highest contribution by fucoxanthin ( Figure 5 ), pigment that indicates the presence of diatoms (Table 3) , a group associated with areas of high nutrient concentrations and vertical mixing [43] . Santamaría-del-Ángel et al. [44] noted that this group may show high productivity rates despite low light penetration associated with high turbidity in this region through the increase in Chla per cell. In March 2011 peridinin also had an important contribution, indicating the presence of dinoflagellates. Diatoms and dinoflagellates are phytoplankton groups that in general belong to microphytoplankton [45] , size class associated to high nutrient concentrations. Another important feature of this region is the largest contribution Open Journal of Marine Science of a d (λ) and in occasion a CDOM (λ) to total light absorption irrespective of the marked temporal variability in the relative contribution of each component ( Figure 6 ). The distinctive optical characteristics of UGC were highlighted by Bastidas-Salamanca et al. [18] when working with data from June 2008, as they observed a significant negative correlation between the light attenuation coefficient (K d ) and Chla, associated with the high concentration of mineral particles in the area. The authors suggested that the equation derived from their analysis could be used for modelling the relationship between these variables. Meanwhile, the data analyzed in this study did not show the same trend, highlighting the important temporal variability in the area. On the other hand, a fact that should be kept in mind is that most cruises sampled a few stations in UGC, and given the variability observed, a greater sampling effort should be conducted in this area in order to properly evaluate the optical variability in it.
The comparison of our data with those from other regions ( ) what also may indicate that this particular characteristic should be taken in account for an accurate use of bio-optical models. Moreover, NGC region is more oligotrophic than UGC, showing the lowest values of Chla, a ph (λ) and a d (λ) ( Table 2 ) in spite of a high contribution by a CDOM (λ) (Figure 6(c) ) in many stations.
The pigment composition at NGC revealed a high predominance of zeaxanthin and occasionally Chlorophyll b, indicating the importance of cyanobacteria and green algae. These phytoplankton groups belong to the picoplankton size fractions which are characteristics of nutrient-poor waters [46] what also explains the differences with UGC. March 2011 was an exception, as the contribution of fucoxanthin and peridinin spread across the entire study area. This pattern can be associated to the above mentioned spring conditions, which promote phytoplankton blooms in the gulf due to the increase in irradiance levels [47] . In fact, data analyzed in another study [48] showed primary production rates up to six times as high in March 2011 as those recorded in June 2010.
The study region is a water body with a strong optical complexity that was previously classified as Case II waters [17] although Bastidas-Salamanca et al. [18] mentioned that this assumption is a simplification given the differences observed in the optical properties between UGC and NGC. The area covered by the study region is smaller than other coastal waters such as the North Sea or the Baltic Sea, but its optical characteristics are spatially more variable. For example, and as previously mentioned, average a ph (440) and a CDOM (440) at UGC were below those values observed in other regions (Figure 4 ). However, ad(440) was not only highly variable (0.003 to 2.257 m −1 ), but it was also much higher. The analysis of the proportional contribution of each component to light absorption ( Figure 6 ) indicated both the differences between UGC and NGC and the importance of detritus in UGC and CDOM in NGC.
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Conclusion
This work makes a major contribution to the knowledge of the bio-optical properties in optically complex waters such as those to the north of the Gulf of California, a region characterized by a strong hydrodynamic reflected in a marked spatial and temporal variability of their bio-optical properties, including the composition of primary producers. More specifically, our study confirmed the presence of two bio-optical regions (UGC and NGC), which particular characteristics emphasizes that Case II waters can be very different when evaluating the individual contribution by phytoplankton, detritus and CDOM to total light absorption. Particularly, UGC region was characterized by a stronger contribution by detritus while at NGC phytoplankton and CDOM alternate their dominance.
One important application of this classification is the selection of bio-optical models for each specific region taking in account their particular characteristics, what can also help to a better definition of the related uncertainties.
